Pseudomonas glumae, the causal agent of the grain rot and seedling rot of rice, is known to show antibacterial activities against other plant pathogenic bacteria and caused rotting of potato tuber slices.
INTRODUCTION
Pseudomonas glumae Kurita et Tabei causes grain rot and seedling rot diseases on rice plant4, 5, 12, 13) . Recently, it was reported that P. glumae possesses an ability of rotting potato tuber slices and productivity of antibacterial substances active against some important plant pathogenic bacteria8, 14, 15) . Among many strains of P. glumae preserved in the Laboratory of Plant Pathology, Kyushu University, the strain Kyu82-34-2 is highly virulent against in both grain rot and seedling rot of rice plant11) and strong in antibacterial activities against many plant pathogenic bactetia (Wakimoto, unpublished data) , and it also produced water soluble, yellowish-green pigment in/on various media (Wang, personal observation) .
To investigate the relationships among these properties in detail, many mutant strains were induced from Kyu82-strains which lost their pigment productivity were obtained, the relationships between pigment productivity and other bacteriological properties were studied. To test pigment productivity of P. glumae strains, bacteria ment productivity into the medium was evaluated. Pathogenicity to rice seedlings. To test the rotting activity of P. glumae strains against rice seedlings, the method established by Hirashima and Wakimoto6) was applied: Rice grains were disinfected with sodium hypochlorite solution (1% of active chloride), rinsed in containing 80g of autoclaved granular nursery soil (Shinsei Sangyo Inc.) supplied with 30ml of sterilized water. The pots thus prepared were incubated in humid chamber in the dark at was supplied once a day to keep the soil in water saturated condition. Symptom development on the rice seedlings was observed for 8 days after inoculation.
MATERIALS
Potato rotting activity. The potato rotting activity was assayed by the method described by Wakimoto et al.14) The potato tuber disinfected with sodium hypochlorite solution (1% of active chloride) was sliced in 5-mm-thickness aseptically. The slice was put on a filter paper sheeted in sterilized petri dish and supplemented with 4ml of sterilized water. Bacteria grown on YPDA medium were smeared on the center of the slice. After 2 days incubation at 
RESULTS
The pigment productivity on YPDA slant or in YPD broth, pathogenicity to rice seedlings, potato rotting activity and antibacterial activity on YPDA plate of NTG-induced mutants were summarized in Table 1 .
Pigment productivity of each bacterial strain on YPDA slant or in YPD broth was determined by observation with naked eye. Among 50 mutant strains, 22 lost their pigment productivity but others maintained.
Pigment productivity of each strain on YPDA slant was in parallel to that in YPD broth.
The rice seedlings inoculated with P. glumae strains showed typical symptoms such as necrosis, chlorosis, deformation, discolouration and others, depending upon pathogenicity of the bacterial strains. Among these mutant strains, 20 strains showed severe sumptoms of necrosis and deformation, while other 20 strains completely lost their pathogenicity to rice seedlings and 10 strains were weakened.
As for the potato rotting activity, 19 strains formed large soft-swollen zone on potato slice, while nine strains lost in activity and 22 strains were weakened. activities. Nine strains lost their potato rotting activities, but all of the 28 pigment productive strains maintained (Table 1) .
From these results shown in Table 1 , the pigment productivity of the mutant strains on YPDA slant or in YPD broth closely related with the rotting activity against rice seedlings and antibacterial activity. All of the pigment productive mutant strains were virulent to rice seedlings, and most of them were strongly virulent. On the other hand, all of the pigment nonproductive strains were avirulent with exception of two strains, NT49 and NT106, which were weakly virulent to rice seedlings. In general, all of pigment productive strains possess wider antibacterial spectra with higher activities as compared to pigment non-productive strains (Table  1) . No significant parallelism, however, could be found between pigment productivity and potato rotting activity. pigments toxoflavin and fervenulin from culture filtrate of P. glumae strain Pg-1 as phytotoxins, which produced chlorosis on detached rice leaves and inhibited elongation of rice seedlings. Toxoflavin2) and fervenulin3) are also known to show antibiotic activity in vitro against many Gram-positive and Gram-negative bacteria. However, they did not mention about necrosis and deformation which were described as popular symptoms13,14) on rice seedlings. In this study, however, two mutants (NT49 and NT106) out of 22 pigment non-productive mutant strains showed virulence on rice seedlings though they were relatively weak. Moreover, a spontaneous mutant which is pigment non-productive but highly virulent to rice seedlings has been isolated from strain Kyu82-34-2 (Wang et al., unpublished data). Further studies seem to be necessary to clarify the role of pigments and its related substances produced by P. glumae strain Kyu82-34-2 in the development of the symptoms such as necrosis, chlorosis, deformation and growth inhibition on rice seedlings.
DISCUSSION
With regard to the relationship between pigment productivity and antibacterial activity, although pigment productive mutant strains, in general, possess wider antibacterial spectra and higher activities, as compared to that of pigment non-productive strains. The results may be due to the fact that the antibacterial activities of each mutant strain to each indicator bacterium are considered to be expressed by various kinds of antibacterial substances including pigments, toxoflavin, fervenulin and other antibiotics. Nine mutant strains among 50 strains used in this study completely lost their rotting activity to potato slices. Eight of them were avirulent to rice seedlings while the other one caused mild symptoms. Since a wild strain Kyu82-34-2 showed pectinase, cellulase and protease activities on assaying plates respectively (Wang, unpiblished data), the enzyme activities of each mutant strain should be examined to clarify the mechanisms of mutation in potato rotting activity.
